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Michael A. Keim, Supervised by Professor Willem Dickhoff
Department of Physics, Washington University, St. Louis, MO 63130, USA
The skin of 208Pb is composed of neutron-rich matter and is useful for understanding 
neutron stars. The thickness of the skin is the difference between the rms radius of the 
weighted proton and neutron distributions. Ref. [5] proposes that the smaller the neutron 
skin-thickness of 208Pb, the smaller the size of neutron stars. Here a preliminary thickness of 
0.222 fm is calculated, consistent with the 0.33−0.18
+0.16 fm thickness found in PREX-I [6]. In a 
similar DOM analysis, Ref. [7] calculated a thickness of 0.249±0.023 fm for 48Ca, which 
will be examined in the upcoming CREX experiment to an accuracy of 0.02 fm [8].
Overlap functions for nucleon removal or addition and 
corresponding quasihole or quasiparticle energies are obtained 
from a Schrödinger-like equation [4] with discrete solutions in 
the domain where the self-energy has no imaginary part. 
Here 58 of 69 parameters describing the nucleon self-energy 
have been preliminarily fit to experimental data, allowing for the 
calculation of the neutron matter distribution and the neutron 
skin thickness. Recent improvements in numerical techniques 
have increased the optimization speed, allowing for more 
extensive fitting in the future.
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Total and Reaction Cross Sections, Elastic-Scattering Angular Distributions, and Analyzing Powers
The Neutron Skin-Thickness and Neutron Stars
Quasihole and Quasiparticle Energies
The shell model describes the nucleus with a real potential that 
represents a nucleon's interactions with all other nucleons in the 
nucleus, whereas optical models examine the nucleon-nucleus 
interaction with complex potentials in the way one would 
examine the reflection and absorption of light through a medium. 
The dispersive optical model establishes a self-energy that can be 
identified with the optical model for nucleons propagating at 
positive energies and the shell model at negative energies, with 
the domains connected through a dispersion relation, as reviewed 
in Ref. [1]. This link between the imaginary and real parts of the 
self energy is given by
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The purpose of this work is to fit to experimental data a 
parametrized self-energy similar to that in Ref. [2]. A real part
ℜΣ 𝒓, 𝒓′; 𝐸 = − 𝑉𝑣𝑜𝑙 𝒓, 𝒓′ +𝑉𝑤𝑏 𝒓, 𝒓′ +𝑉𝑠𝑜 𝒓, 𝒓′ +𝛿(𝒓 − 𝒓′)𝑉𝐶(𝑟)
Includes a nonlocal volume, wine-bottle, and spin-orbit terms and 
a local Coulomb term. The imaginary part
ℑΣ 𝒓, 𝒓′; 𝐸 = −𝒲𝑣𝑜𝑙 𝒓, 𝒓′; 𝐸 +𝒲𝑠𝑢𝑟 𝒓, 𝒓′; 𝐸 +𝛿(𝒓 − 𝒓′)𝒲𝑠𝑜 𝑟; 𝐸
Includes nonlocal volume and surface terms and a local spin-orbit 
term. Nonlocality is represented as a Gaussian in the form 
proposed by Perey and Buck in Ref. [3]
𝐻 𝒓 − 𝒓′; 𝛽 = 𝜋−3/2𝛽−3𝑒−(𝒓−𝒓
′)2/𝛽2
The Dispersive Optical Model
Nuclear cross sections represent the 
probability of an incoming nucleon 
interacting with a nucleus. The total 
cross section includes all types of 
interactions, such as inelastic 
scattering, where the nucleus is 
altered or excited, elastic scattering, 
where the nucleus is unchanged, or 
even capture, where the nucleon is 
no longer present after the 
interaction. However, the reaction 
cross section excludes elastic 
scattering interactions. In addition to 
energy dependence, angular 
dependence of nuclear reactions can 
be understood through differential 
cross sections and analyzing 
powers.
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